The Time-Domain Spectroscopic Survey (TDSS) is an SDSS-IV eBOSS subproject primarily aimed at obtaining identification spectra of ∼220,000 optically-variable objects systematically selected from SDSS/Pan-STARRS1 multi-epoch imaging. We present a preview of the science enabled by TDSS, based on TDSS spectra taken over ∼320 deg 2 of sky as part of the SEQUELS survey in SDSS-III, which is in part a pilot survey for eBOSS in SDSS-IV. Using the 15,746 TDSS-selected single-epoch spectra of photometrically variable objects in SEQUELS, we determine the demographics of our variabilityselected sample, and investigate the unique spectral characteristics inherent in samples selected by variability. We show that variability-based selection of quasars complements color-based selection by selecting additional redder quasars, and mitigates redshift biases to produce a smooth quasar redshift distribution over a wide range of redshifts. The resulting quasar sample contains systematically higher fractions of blazars and broad absorption line quasars than from color-selected samples. Similarly, we show that M-dwarfs in the TDSS-selected stellar sample have systematically higher chromospheric active fractions than the underlying M-dwarf population, based on their Hα emission. TDSS also contains a large number of RR Lyrae and eclipsing binary stars with main-sequence colors, including a few composite-spectrum binaries. Finally, our visual inspection of TDSS spectra uncovers a significant number of peculiar spectra, and we highlight a few cases of these interesting objects. With a factor of ∼15 more spectra, the main TDSS survey in SDSS-IV will leverage the lessons learned from these early results for a variety of time-domain science applications.
INTRODUCTION
The proliferation of large-scale time-domain imaging surveys has opened up a new window into the timevariable sky. Surveys including the Sloan Digital Sky Survey (SDSS, York et al. 2000) Stripe 82 (Sesar et al. 2007 ), Pan-STARRS1 (PS1, Kaiser et al. 2002 Kaiser et al. , 2010 , Catalina Sky Survey (CSS, Drake et al. 2009 ), Palomar Transient Factory (PTF, Law et al. 2009 ), La Silla-QUEST Variability Survey in the Southern Hemisphere (Hadjiyska et al. 2012) , Lincoln Near-Earth Asteroid Research survey (LINEAR, Stokes et al. 2000) , OGLE I-OGLE IV surveys (Udalski et al. 2008; Wyrzykowski et al. 2014) , Gaia (Gilmore et al. 2012) , and future surveys such as the Zwicky Transient Facility (ZTF, Bellm 2014) and the Large Synoptic Survey Telescope (LSST, Ivezic et al. 2008 ) will provide publicly available light curves for up to billions of objects over large regions of sky. Many classes of objects exhibit broadband variability at optical wavelengths, and their diverse light curves contain rich temporal information to use in exploring their astrophysics.
Spectroscopic follow-up of photometrically variable objects significantly enhances the science return on time-domain imaging surveys, by providing additional information on their physical nature and parameters that extends well beyond just object identifications/classifications and redshifts. For example, optical spectra of pulsating RR Lyrae stars discovered based on their periodic light curves provide information on their metallicities and radial velocities, enabling more accurate distance determinations and kinematic information. This is useful for probing the stellar distribution of the outer Galactic halo and discovery of halo substructures, which provides valuable insight on the formation of our Galaxy (e.g., Drake et al. 2013a) . Furthermore, this spectral information is especially useful if large numbers of follow-up spectra are obtained in a systematic fashion, so that they can be mined for rare variable objects and events. For example, the elusive sub-parsec scale evolutionary phase of merging binary supermassive black holes may be observable through predicted signatures of periodic continuum emission in their broadband light curves (e.g., D 'Orazio et al. 2013; Farris et al. 2015) , as well as offset broad emission lines in their optical spectra (e.g., Bogdanović et al. 2008; Eracleous et al. 2012) ; evidence from a combination of both light curve information (e.g., Graham et al. 2015; Liu et al. 2015) and spectra would result in a much stronger case for claims of their discovery. The large scope of current and future time-domain imaging surveys will yield of order 10 7 time-variable objects across the sky, but spectroscopy on this scale will challenge spectroscopic resources and capabilities due to the sheer number of interesting variable objects that are expected to be discovered. To this end, a systematic spectroscopic survey dedicated to follow-up of variable sources will be highly complementary, innately full of scientific insights, and immensely valuable as a training set for time-domain science from current and future multiepoch imaging surveys.
The Time Domain Spectroscopic Survey (TDSS) is a large spectroscopic survey with the primary goal of obtaining a total of ∼220,000 single-epoch initial identification optical spectra of photometrically-variable objects (generally with >0.1 mag of variability) over 7,500 deg 2 of sky, selected based on the variability in their light curves from multi-epoch PS1 3π survey (Chambers et al., in preparation) and SDSS imaging. As a subprogram of the extended Baryon Oscillation Spectroscopic Survey (eBOSS; Dawson et al. 2015) in SDSS-IV, these spectra will be obtained using the upgraded SDSS BOSS spectrograph over the full eBOSS footprint during the period of 2014-2020. TDSS targets are uniquely selected based on their flux variability amplitudes and neither on color nor detailed modeling of their light curve characteristics, providing a relatively inclusive spectroscopic sampling of the time-variable sky to complement various multi-epoch imaging surveys. Technical details of the survey plan and the target-selection method of the main TDSS program in SDSS-IV are described in Morganson et al. (2015) .
In 2013-2014, SDSS-III undertook the Sloan Extended QUasar, Emission-Line galaxies, and Luminous red galaxies Survey (SEQUELS), an ancillary SDSS-III BOSS (Dawson et al. 2013) dark-time program which is in part a pilot program for eBOSS in SDSS-IV. Since TDSS is a subprogram of eBOSS, spectra of TDSS targets were also obtained as part of SEQUELS. In this paper, we use the first 66 multi-object spectroscopic plates observed in the SEQUELS area to present early science results from these TDSS spectra, which will provide promising examples of the science enabled by TDSS in the full SDSS-IV survey. Specifically, we will first determine the demographics of our sample, which provides a ground-truth baseline for variability-selected samples since it is based on visual inspection of our spectra. We will then investigate the uniqueness and advantages of using variability-selected samples for various science applications, with the goal of informing detailed future studies on specific science questions using TDSS spectra.
In Section 2, we describe the target-selection method of TDSS, the TDSS spectra taken as part of the SEQUELS survey, previous SDSS spectra of sample objects in this survey area, and our visual classification of these spectra. In Section 3, we explore the general demographics and properties of these TDSS objects. In Section 4, we investigate the redshift distribution and spectral properties of quasars selected by TDSS, and discuss the unique characteristics inherent in variability-selected quasar samples. In Section 5 we investigate properties of variable stars in TDSS, including the chromospheric activity in M dwarfs, decomposition of spectroscopic binaries, and periodically variable stars. In Section 6, we investigate the possible origins of variability in a small sample of galaxies selected in TDSS. We summarize and conclude in Section 7.
2. DATA 2.1. TDSS Target Selection TDSS targets come from two types of observing programs: (1) a Single-Epoch Spectroscopy (SES) program encompassing ∼90% of all TDSS spectra and aimed at obtaining initial single-epoch discovery spectra of photometrically variable objects, and (2) Few-Epoch Spectroscopy (FES) programs encompassing the remaining ∼10% of TDSS spectra and consisting of various smaller projects involving multi-epoch spectroscopy of special targets. Targets for the FES programs are selected with a variety of methods to address more specific science ques- Figure 1 . The sky area of the 66 SDSS-III SEQUELS plates used in our investigation. Positions of newly-obtained spectra of TDSSselected objects are shown as red points, and TDSS-selected objects with previous SDSS spectra are shown as blue points. The total geometric area of these plate areas is approximately 320 deg 2 (accounting for geometric plate overlaps but not detailed tiling of targets and adjacent plates, see Section 2.1). tions. Since we are focusing on the general properties of variable objects in this current investigation, we utilize only SES spectra, which are instead selected specifically based on their variability properties in a systematic manner. Target selection for the TDSS SES spectra in the SDSS-III SEQUELS survey we use generally follows the method detailed in Morganson et al. (2015) for the main TDSS survey in SDSS-IV, but with minor deviations; below, we only summarize the most salient aspects and highlight the small differences in targeting between these two surveys. Photometric griz light curves of point sources are constructed using a combination of SDSS Data Release 9 (DR9, Ahn et al. 2012) single-epoch imaging and PS1 3π survey multi-epoch imaging. The TDSS targets are in essence selected by their (1) long-timescale (∼10 years observed-frame) variability, (2) shorter-timescale (∼2 years observed-frame) variability, and (3) median PS1 magnitudes. The long-timescale variability is measured as the difference in magnitude between the SDSS and median PS1 epoch magnitudes (where the SDSS magnitudes are color-corrected to match PS1 filters). The shorter-timescale variability is measured as the variance in the PS1 light curves. The median PS1 magnitudes are included in our target selection proceedure primarily to take into account the increase in required variability for fainter objects to enter our sample due to increased photometric uncertainties, and do not involve color information. These three parameters for each object are input into a 3-dimensional kernel density estimator (KDE) trained on the SDSS Stripe 82 variable object (Sesar et al. 2007 ) and standard star (i.e., those that do not measurably vary) catalogs. The KDE assigns a probability that each object is variable, based on the efficiency E with which variable objects are selected in its region of parameter space using the training sets. Specifically, E = ρ var /ρ std , where ρ var and ρ std are the KDE density of variable objects and standard stars from the training set, in the region of the 3-dimensional parameter space occupied by TDSS candidate variables. Candidate variable objects with E above some threshold are then selected as 'variable'. To ensure a uniform sky density of targets across the survey footprint, this E threshold is calculated independently for different sky regions (each typically 4 deg 2 ) and is thus non-constant. The primary deviation of the TDSS targeting algorithm in SEQUELS from that of the main TDSS survey in SDSS-IV detailed in Morganson et al. (2015) is the sky density of TDSS-selected fibers. TDSS was allocated a fiber density budget of 20 deg −2 in SEQUELS, double the density of 10 deg −2 for the main TDSS survey in SDSS-IV. Since target selection is guided by these fiber-density constraints, the higher target fiber density of the TDSS sample in SEQUELS we use in this investigation generally leads to the inclusion of TDSS targets that would not meet the variability criteria to be selected in the same sky regions by the main TDSS survey in SDSS-IV. We note that SDSS plates are shared amongst several surveys, each with a number of differently-targeted samples that often contain overlaps. In particular, TDSS targets contain significant overlaps with the eBOSS CORE quasar sample, though the latter are intentionally colorselected to preferentially lie at redshifts of z > 0.9 (Myers et al. 2015) . eBOSS aims to obtain a spectroscopic quasar sample (the eBOSS CORE sample) with high completeness and efficiency for cosmological quasar clustering studies over 0.9 < z < 2.2, and many of these quasars are also independently selected by TDSS due to their optical variability. Spectra of TDSS targets included in the eBOSS CORE sample were also obtained, but these fibers were not charged to the TDSS fiber density budget. These TDSS/CORE-selected spectra are Color-color diagrams (using SDSS photometry) of all 15,746 TDSS-selected objects with spectra in our SEQUELS sky area including previous spectra (top left), all 10,974 TDSS-selected objects with new spectra in SEQUELS (top right), all 4,772 TDSS-selected objects in our SEQUELS sky area with previous SDSS-I/II/III spectra (bottom left), and all 4,735 TDSS-selected objects in our SEQUELS sky area without spectra (bottom right). Contours enclose 20%, 50%, and 90% of objects (from darkest to lightest), and the remaining 10% are shown as red points. Regions in color-space containing mostly quasars, main-sequence stars, RR Lyrae, high-z quasars, and other miscellaneous objects are labeled following the criteria in Morganson et al. (2015) . The sum of the objects in the top right and lower left panels gives the top left panel. These figures show that the vast majority of TDSS-selected objects with previous SDSS-I/II/III spectra have quasar-like colors, while the new SEQUELS spectra are a mix of quasars and stars. included in our study, and we specifically investigate the differences between the TDSS and CORE quasar samples in Section 4.
An additional difference in the TDSS targeting strategy between the SEQUELS sample and the main TDSS survey in SDSS-IV is that TDSS targets in SEQUELS were required to be detected in all four griz bands, while this requirement was relaxed in SDSS-IV to allow inclusion of more high-redshift (z > 4) quasars. Finally, unlike target selection in SDSS-IV TDSS, ∼30% of the earliest SEQUELS TDSS targets were not visually prescreened via imaging data before spectra were obtained. This visual pre-screening of TDSS targets uses cutouts of SDSS imaging to remove targets whose variability is suspect due to obvious photometry problems (e.g., lying on diffraction spikes of bright stars, lying within the isophotes of a spatially resolved galaxy, etc.). The majority (∼75%) of TDSS targets passed this visual prescreening, but the non-negligible ∼25% which were rejected highlights the importance of diligent confirmation of variability in sparsely-sampled light curves from broadband imaging surveys. On the other hand, with a much higher surface density of potential targets than fibers allotted to TDSS in SDSS-IV, we have the luxury of being conservative in such exclusions and there are likely many genuine variables among this ∼25%.
SDSS-III SEQUELS Spectra
Spectra of TDSS targets in SDSS-III (Eisenstein et al. 2011) were taken as part of the SEQUELS survey, and are publicly available 27 in the SDSS-III Data Release 12 and described in Alam et al. (2015) . These spectra were taken with the SDSS BOSS spectrograph (Smee et al. 2013) on the SDSS 2.5m telescope (Gunn et al. 2006) , with spectral resolution of R ∼ 2000 and wavelength coverage from approximately 3600Å to 10,400Å, reduced with the SDSS-III BOSS spectral reduction pipeline (Bolton et al. 2012) .
The SEQUELS spectra we utilize are from a set of 66 plates observed and reduced by June 15, 2014, and the sky coverage of these plates is shown in Figure 1 . This does not encompass the full SEQUELS survey, and many more SEQUELS plates were observed after this date. We estimate the combined geometric plate area of this portion of the survey to be ∼320 deg 2 by Monte Carlo simulation, which takes into account plate overlaps. However, we caution that this plate area is approximate and in some ways misleading; some sky regions observed with one SEQUELS plate will not have complete spectroscopic coverage of all targets due to other plates overlapping the same region that had not yet been observed as part of the the survey tiling plan. In the sky area of these 66 SEQUELS plates, TDSS selects 20,184 variable objects for single-epoch spectroscopy; spectra were obtained for 15,746 (about 78%) of these objects (through mid-June 2014). This sample of 15,746 TDSS spectra we use in this study consists of two parts: (1) 10,974 TDSS-selected objects with new spectra taken as part of SEQUELS, and (2) 4,772 TDSS-selected objects in our SEQUELS sky area with previous SDSS-I/II/III spectra. These two subsamples are mutually exclusive since TDSS purposely avoided targeting objects with previous SDSS spectra. To create the sample of TDSS targets with previous SDSS spectroscopy, we match all SDSS-I/II spectra from the SDSS spectrograph and SDSS-III spectra from the BOSS spectrograph (excluding SEQUELS TDSS targets) to the plate areas of the 66 SEQUELS plates we use in this study. These single-epoch TDSS spectra in SE-QUELS can be selected from the SDSS DR12 databases using the EBOSS TARGET0 selection flag (for details on various TDSS targeting flags in SEQUELS, see Alam et al. 2015) .
Visual Classification of Spectra
The vast discovery space in a large-scale time-domain survey has the potential to uncover large numbers of peculiar objects. To ensure that such serendipitous discoveries are not missed, we visually inspect the SDSS spectrum of each of the 15,746 TDSS-selected variable objects in the SEQUELS (including those with previous SDSS spectra in our SEQUELS sky area). Although the SDSS-III pipeline (Bolton et al. 2012 ) provides automated classification and redshift estimation which generally guides the visual inspection, we find that inspection of each object is crucial in identifying rare cases where the pipeline fails, and to flag especially peculiar objects. In the visual inspection, we classify and group these TDSS-selected objects into quasar (9,925), stellar (5,123), galaxy (322), and other/unknown (376) subsamples. Out of the other/unknown objects subsample, 32 objects had genuinely interesting spectra that were not classifiable (and not simply due to low signal-to-noise), (2015) TDSS targeting paper, for all TDSS-selected objects with spectra in our SEQUELS sky area. Quasars and RR Lyrae stars appear to be the most variable (large E) object classes selected by TDSS, as expected.
109 objects had a blank spectrum (e.g. due to dropped fibers), 30 objects had obvious glitches in the spectrum, and the remaining 205 had low signal-to-noise ratios that made classification difficult. These subsamples are summarized in Table 1 , and used in our investigation of the properties of these different objects.
GENERAL PROPERTIES OF THE TDSS VARIABILITY-SELECTED SAMPLE
Recall that TDSS by design selects targets solely on the basis of optical variability, and in particular does not invoke color cuts or any other criteria that might intentionally select specific classes of astrophysical objects. Therefore, to assess the general properties of TDSS-selected objects in SEQUELS, we show in Figure 2 (top left) a color-color diagram of all 15,746 TDSS targets with spectra in our SEQUELS area. Since TDSS intentionally avoided targets in SEQUELS with previous SDSS spectra (except for the relatively small TDSS Few-Epoch Spectroscopy programs which are not included in this investigation), these 15,746 TDSS targets with spectra in our SEQUELS sky area are essentially the sum of the 10,974 TDSS targets with new SEQUELS spectra (top right) and the 4,772 TDSS targets with previous SDSS spectra (bottom left) also shown in Figure 2 . The u − g and g − r colors for each object in Figure 2 and all other diagrams are derived from PSF magnitudes from SDSS photometry, in the SDSS filters (which are slightly different from the overlapping PS1 grizy filters). As expected, the majority of TDSS targets with spectra in our SEQUELS sky area have quasar-like colors, and the subset with previous SDSS spectra are almost entirely (93%) quasars. However, a significant number of objects are found in the stellar locus since the uniquely inclusive variability selection criteria of TDSS also select a wide variety of variable stars.
In the SEQUELS sky area of the 66 plates we use, there are an additional 4,735 TDSS targets for which no previous SDSS spectra exist and no new SEQUELS spectra were obtained through mid-June 2014, but this is primarily due to fiber allocation limits on the TDSS survey. Figure 2 (bottom right), shows a color-color di- , and eBOSS CORE quasars (red contours), with new SEQUELS spectra. Contours enclose 20%, 50%, and 90% of the objects in each sample (from darker to lighter). The remaining 10% of objects outside of the contours for the TDSS-selected sample are plotted as blue points. There is significant overlap between these two samples, but TDSS selects an additional population of redder quasars than the CORE sample. Right: eBOSS CORE quasars with new SEQUELS spectra (red contours, same as the red contours in left panel), and TDSS-selected quasars which were not selected by the CORE sample (blue points).
agram of these 4,735 TDSS targets that do not yet have spectra; this population of objects does not visually appear to be significantly different than the sample with new SEQUELS spectra (top right). This confirms that the TDSS-selected sample with spectra that we use in this study is similar to to these TDSS-selected objects without spectra. More importantly, this suggests that our conclusions on quasar and stellar properties are generally robust to survey incompleteness (e.g., the quasar redshift distribution should not significantly change with a more complete TDSS spectral sample). The variables selection efficiency parameter E utilized in TDSS target selection can be thought of as an indirect measure of variability amplitude, since a large E for a object implies its has a high probability of being a variable, due to its large variability amplitude. Figure 3 shows a color-color diagram of the E parameter calculated for all TDSS-selected objects with spectra in our SEQUELS sky area as part of our KDE target selection procedure. Bluer objects with quasar-like colors have significantly larger E than the redder objects along the stellar locus, although the region of color-space occupied by RR Lyrae has E similar to quasars. This is qualitatively consistent with results from the analysis of SDSS Stripe 82 light curves by Sesar et al. (2007) .
QUASARS IN TDSS
Quasars are well-known to have highly variable continuum emission in the optical and UV, displaying ∼10-30% variability in flux over long timescales. Detailed modeling of quasar light curves has shown that the broadband variability is well-described to first approximation by a first-order continuous autoregressive process (i.e. a damped random walk, e.g. Kelly et al. 2009 Kelly et al. , 2011 MacLeod et al. 2010) , although small deviations from this behavior have been observed at short timescales using well-sampled light curves (e.g. Mushotzky et al. 2011; Zu et al. 2013; Edelson et al. 2014; Graham et al. 2014 ). This variable quasar continuum emission is believed to originate from their accretion disks, but the cause of the long-term variability is unclear and has been suggested to originate from localized thermal fluctuations in the disks (Kelly et al. 2009; Dexter & Agol 2011; Schmidt et al. 2012; Ruan et al. 2014a ). Intriguingly, this optical variability is known to scale with quasar properties such as black hole mass and bolometric luminosity as measured from their optical spectra (Vanden Berk et al. 2004; Wilhite et al. 2008; MacLeod et al. 2010) . Large samples of quasar light curves from imaging surveys can also be used to study spectral time-lags in the continuum emission (Edelson et al. 2015) , and perform multi-object reverberation mapping of broad line regions (e.g. Shen et al. 2015a,b) . In these and other science goals, complementary TDSS spectroscopy of these variable quasars provides crucial spectral information on their physical properties. Morganson et al. (2015) showed that the majority of variable objects selected by TDSS have blue, quasar-like colors, although variability-based selection is known to also efficiently select a significant number of quasars with redder, stellar-like colors in comparison to color-based selection (Butler & Bloom 2011; MacLeod et al. 2011; Palanque-Delabrouille et al. 2011 ). We directly compare the colors of variability-selected quasars in TDSS to color-selected quasars in the eBOSS CORE sample in SEQUELS (which uses the XDQSO method, Bovy et al. 2012) , to understand the differences in the quasar populations selected by these two methods. The eBOSS CORE sample is primarily designed to yield a complete and efficient color-selected sample in the redshift range of 0.9 < z < 2.2 for clustering measurements (Myers et al. 2015) , although the targeting algorithm is free to select higher-z (z > 2.2) quasars. Despite the vastly different approaches in target selection for the TDSS and eBOSS CORE quasar samples in SEQUELS, the fibers are interspersed amongst the same 66 plates, and thus there are no differences in the observing procedure. rithm (including those with previous SDSS-I/II/III spectra). As expected, there are strong overlaps between these two samples, but the TDSS-selected sample extends further into redder colors. To better highlight these TDSS-selected quasars not selected by the eBOSS CORE quasar sample, Figure 4 (right) shows these TDSS non-CORE quasars in SEQUELS, plotted over the same eBOSS CORE quasar sample contours as the left panel. Again this shows a population of red quasars extending into the stellar locus (u − g 0.6) which are not selected by the color-based eBOSS CORE quasar selection, but also a clump of blue quasars centered at approximately g − r, u − g = [0.0, 0.4]. The redder quasars selected by variability but not color-selection can have redder colors because they may preferentially extend to higher redshifts, or they may be intrinsically redder (e.g. due to higher levels of host-galaxy dust extinction). We explore each of these two possibilities in turn below, and show that the redder TDSS quasars are in fact due to a combination of both these effects. Furthermore, we will show that the blue clump of quasars selected by variability but not colors in Figure 4 (right) are primarily low-redshift (z < 0.9) quasars outside of the targeted redshift range of the eBOSS CORE sample.
TDSS Quasar Redshift Distribution
Color-based selection of quasars has traditionally been a popular method to apply to large-scale imaging surveys extending into SDSS (e.g., Richards et al. 2002; Ross et al. 2012) . The resulting large samples of quasars are useful for cosmological studies of the Lyα forest (Slosar et al. 2013; Busca et al. 2013; Font-Ribera et al. 2014) , along with its various cross-correlations (e.g. Font-Ribera et al. 2012; Shen et al. 2013) , the quasar luminosity function (e.g., Ross et al. 2013; McGreer et al. 2013) , quasar clustering (e.g. Myers et al. 2006 Myers et al. , 2007a Ross et al. 2009) , and quasar physics (e.g., Filiz Ak et al. 2013; Hall et al. 2013; Cai et al. 2014) . In many of these science goals, high efficiency of selection and high sample completeness are required over large areas of sky. However, it is well-known that color-based selection can be inefficient and lead to incomplete samples in some regimes; for example, at higher redshifts (z 2), quasar colors intersect the stellar locus in optical color-space, leading to a dearth of quasars in the 2.2 z 3 redshift range (Fan 1999 ). This problem is exacerbated by photometric uncertainties, which further blend together the quasar and stellar populations in color space, although it has been demonstrated that probabilistic approaches to deconvolution can lead to improvements in selection efficiency (Bovy et al. 2011) .
Unlike color-selection, a variability-selected sample of quasars is known to suffer less from contamination issues with the stellar locus (Schmidt et al. 2010; MacLeod et al. 2011) . Since nearly all Type 1 quasars are variable in the optical (Sesar et al. 2007 ), our variability-selected sample is likely to be relatively complete and display a redshift distribution relatively close to the intrinsic Type 1 quasar redshift distribution. To understand the differences between our variability-selected quasar sample and a color-selected sample, we compare the redshift distribution of TDSS quasars to the eBOSS CORE sample. Figure 5 (top) compares the redshift distribution of TDSS-selected spectroscopic quasars in our SEQUELS plate area to those selected by the color-based eBOSS CORE quasar algorithm, using normalized histograms. These distributions for the TDSS and eBOSS CORE samples include quasars in our SEQUELS plate area that have previous SDSS spectra. Not surprisingly, the TDSSselected sample shows a broader redshift distribution, selecting quasars at both higher (z 2.2) and lower (z 1) redshifts, outside of the redshift range primarily targeted by the eBOSS CORE algorithm. Thanks to the relatively unbiased nature of variability selection, the redshift distribution of the TDSS-selected quasars in Figure 5 (top) is smooth and should be close to the intrinsic redshift distribution of quasars (insofar as the redshift distribution does not strongly depend on variability amplitude, although cosmological time-dilation may affect selection of high-z quasars depending on their exact variability characteristics). Although the TDSS quasar sample used in this redshift distribution is not complete since there are TDSS-selected quasars in our SEQUELS plate area with post-DR12 spectra, the addition of these missing quasars is unlikely to introduce significant changes to this smooth redshift distribution. . Quasar g − i color from SDSS photometry as a function of redshift, for all TDSS-selected (red points), and eBOSS COREselected quasars (blue points) with spectra in our SEQUELS plate area. The subset of TDSS-selected quasars not selected by the CORE sample is also shown (green points). TDSS-selected quasars not selected by the eBOSS CORE algorithm in the primary CORE redshift range of 0.9 z 2.2 have redder colors, likely due to stronger intrinsic dust extinction or absorption. TDSS quasars at lower-(z < 0.9) and higher-redshifts (z > 2.2) have bluer and redder colors relative to the CORE sample, respectively, likely due to selection effects in the color-selected CORE sample.
QUELS that were not selected by the eBOSS CORE sample. This subset of TDSS-only quasars shows peaks at redshifts z ∼ 0.8 and z ∼ 2.7 (outside of the CORE target redshift range), but also includes additional quasars (with sky density of approximately 1.5 deg 2 ) in the 0.9 z 2.2 range targeted by the CORE sample; this shows that variability is able to select additional quasars to complement the CORE algorithm in producing a more complete quasar sample. We note that the CORE quasar sample (20,916) is approximately a factor of 2 larger than the TDSS sample (9,925 quasars). To illustrate more clearly the complementary utility of variabilitybased quasar selection, Figure 5 (bottom) shows the fraction of TDSS-selected quasars in our SEQUELS plate area that were also selected by the eBOSS CORE sample (N CORE+TDSS /N TDSS ), as a function of redshift. In this comparison, a fraction of N CORE+TDSS /N TDSS = 1 in a redshift bin indicates that all TDSS quasars in that bin were all also independently selected by the CORE algorithm, while a fraction of N CORE+TDSS /N TDSS = 0 indicates that none of the TDSS quasars in that bin were also selected by the CORE algorithm. Over the 0.9 z 2.2 redshift range in which eBOSS will attempt to make CORE quasar clustering measurements (and where color selection is highly efficient and complete), the CORE XDQSO algorithm selects a very impressive 94% of the TDSS quasars. On the other hand, Figure  5 also shows that variability-only selection (i.e. TDSS quasars that were selected by TDSS but not CORE) accounts for more than 40-50% of TDSS quasars in some redshift bins in this particular comparison, reaffirming the complementary utility of variability-selection. Over the entire redshift range encompassed, variability selection adds about 16% (by number) to the quasars that would not have been selected by eBOSS CORE colorselection alone (and among variability-only selections, there is additional overlap between TDSS and eBOSS selections using Palomar Transient Factory variability 
Quasar Properties with Redshift
Quasars with redder, stellar-like colors such as those seen in the TDSS-selected sample in Figure 4 can be in part explained if they are drawn from a population of higher-redshift quasars, but they can alternatively have intrinsically redder colors, e.g. due to continuum dust extinction in the host galaxy or substantial intrinsic line absorption. Dust extinction should not affect the continuum variability, while the redder colors can cause these objects to be misclassified as probable stars in colorbased selection of quasars; quasars selected on the basis of optical variability may thus be redder than those selected by colors. Luminous quasars with heavy extinction are now commonly found based on their strong infrared emission relative to the optical (e.g. Glikman et al. 2013; Ross et al. 2014 ), X-ray emission (e.g., Dwelly & Page 2006; Tozzi et al. 2006) , or strong narrow emission lines with weak continuum emission (e.g. Alexandroff et al. 2013) . The extinction in these type II quasars is significantly larger than many of the red TDSS-selected broad-line quasars, and they are thus too faint for TDSS to realistically target.
Since the broadband colors of quasars (e.g. in Figure 4 ) are affected by redshift effects, we show in Figure 6 the median colors of these quasar samples as a function of redshift. The 1σ uncertainty on the quasar color in each redshift bin is estimated through bootstrap resampling. Over the redshift range of 0.9 z 2.2 targeted by the eBOSS CORE sample, the additional quasars selected by TDSS but not the CORE algorithm are systematically redder. The redder colors of these quasars are likely to be due to stronger dust extinction in their host galaxies. At higher redshifts of z > 2.2, the redder colors of TDSS quasars relative to the CORE sample may also be due to their intrinsically redder colors. However, an additional effect that can cause TDSS to select redder quasars at z > 2.2 is that the CORE algorithm can confuse bluer quasars at these higher redshifts as lying in their targeted 0.9 z 2.2 redshift range. This causes the CORE algorithm to select some bluer quasars at z > 2.2, which preferentially leaves redder high-redshift quasars to be selected only by TDSS. The redder quasars at z > 0.9 selected by TDSS but not the CORE algorithm comprise the red quasar clump centered at approximately g − r, u − g = [0.2, 1.0] in Figure 4 (right), which has a long tail extending to redder colors.
Conversely, Figure 6 also shows that TDSS-selected quasars at low redshifts (z 0.9) are instead systematically bluer than CORE quasars. This is likely to be due to the opposite of the effect described above, such that the CORE algorithm is confusing redder quasars at z 0.9 as lying in the 0.9 z 2.2 targeted redshift range, thus preferentially leaving bluer low-redshift quasars to be uniquely selected by TDSS. These bluer low-redshift TDSS quasars are the blue quasar clump centered at approximately g − r, u − g = [0.0, 0.4] in Figure 4 (right) and discussed in Section 4. Overall, these results show that variability selection can find additional quasars that complement some color-selection approaches. Figure 7 shows the observed SDSS r-band magnitude of the three quasar samples, also as a function of redshift. Since TDSS target selection requires robust detection of variability in the light curves above the photometric uncertainties, TDSS quasars are preferentially brighter (by ∼1 r mag) than CORE quasars.
Unusual Quasars
Many unusual quasars are identified in the visual inspection, but have not been rigorously classified. A few examples of unusual quasars with new spectra in SE-QUELS that are selected by TDSS but not by the eBOSS CORE algorithm are shown in Figure 8 . We highlight below two major groups of these quasars that are likely to be significant in TDSS: broad absorption line quasars and blazars.
Broad Absorption Line Quasars
Intrinsic broad absorption lines (BALs) are observed in approximately 10-15% of quasar spectra of sufficient redshift range, almost always in high-ionization lines such as C IV, but also occasionally in low-ionization lines (e.g., Weymann et al. 1991; Hall et al. 2002; Trump et al. 2006; Gibson et al. 2008 ). These BALs have blueshifts of up to ∼0.1c, indicative of outflowing winds launched from the accretion disk (e.g., Murray et al. 1995; Proga et al. 2000) , which can affect the properties of the host galaxy (Fabian 2012) . Spectroscopic monitoring of BAL quasars has shown that BAL troughs can vary greatly in depth (e.g., Filiz Ak et al. 2013) and even disappear (e.g., Filiz Ak et al. 2012) over timescales of years, and BAL variability has been observed on timescales as short as days (Grier et al. 2015) . It may thus be expected that BAL variability could contribute to increased photometric variability in light curves of BAL quasars, leading to elevated BAL fractions in variability-selected quasar samples relative to color-selected samples. Furthermore, although BAL quasars show a wide range of physical properties, their UV/optical continuum emission is well-known to be systematically redder relative to similar non-BAL quasars (e.g., Reichard et al. 2003; Gibson et al. 2009 ). Since we showed in Section 4 that TDSSselected quasars have redder continuum emission on average and are less biased in redshift, this may also cause variability-selected samples to contain a higher fraction of BAL quasars relative to color-selected samples, and perhaps one that is actually closer to the true intrinsic Figure 9 . Color-color diagram of all TDSS-selected stars with spectra in our SEQUELS plate area (including previous SDSS spectra). The approximate locations of different stellar sub-classes in color-space are labeled based on Kraus & Hillenbrand (2007) . The TDSS variable stars sample contains a large number of M dwarfs, A/F stars (many of which may be RR Lyrae), and a significant number of binary stars along the stellar locus.
BAL fraction. We calculate and compare the BAL fractions between the TDSS and CORE quasar samples in our SEQUELS plate area for quasars at z > 1.7. This is performed by matching these two samples to the SDSS DR12 BAL quasar properties catalog (Paris et al. 2016, in preparation) . We find that 14.1(±0.5)% of TDSSselected quasars in SEQUELS are robust BAL cases, in contrast to 9.8(±0.3)% of CORE-selected quasars. The occurrence of BALs in quasars is thus 43% higher in the variability-selected TDSS sample than the color-selected eBOSS CORE sample, and is consistent with some previous inferences of the intrinsic BAL fraction (Knigge et al. 2008 ).
Blazars
Relativistic jets in active galaxies are not uncommon, although only a small fraction are aimed directly along the line of sight of the observer (e.g., Antonucci 1993; Urry & Padovani 1995) . These rare jet-beamed objects are classified as blazars, and strong jet synchrotron continuum emission can dominate their optical/UV spectrum. Their optical spectra often appear as featureless power laws with weak/no broad emission lines relative to common unbeamed Type 1 quasars; this may be due to either their lack of broad line regions (in the case of the BL Lac blazar subclass, e.g. Nicastro et al. 2003; Elitzur & Ho 2009) , or swamping of the broad emission lines by the jet continuum (in the case of the flat-spectrum radio quasar subclass; Giommi et al. 2012; Ruan et al. 2014b; D'Elia et al. 2015) . Furthermore, the relativistic Doppler-boosted jet continuum emission is also highly variable, causing blazars to be systematically more variable than non-beamed quasars observed in synoptic surveys (Bauer et al. 2009; Ruan et al. 2012) . Due to this effect, the TDSS sample of quasars is likely to have a significant blazar fraction.
Blazar candidates in TDSS are identified in our visual inspection based on qualitative assessments of their broad emission line strengths; objects with strong power law-like continuum emission with weak broad emission lines are classified as blazar candidates. Blazars are wellknown to almost always be strong emitters in the radio and often in the γ-rays, in strong contrast to the small ∼10% of unbeamed quasars that are radio loud (Ivezić et al. 2002; Baloković et al. 2012) and are typically undetected in γ-rays. A detection of any of our quasars in both of these wavelength regions provides strong support for their blazar nature. We thus match our quasars to the Fermi Large Area Telescope (Atwood et al. 2009 ) 4-year 3FGL catalog of γ-ray point sources (The Fermi-LAT Collaboration 2015), using the 95% γ-ray source position error radii, as well as the FIRST radio survey (Becker et al. 1995) , using a 2 matching radius. We find that 26 of our visually-identified quasars are γ-ray detected, of which 6 are also radio detected (and thus highly likely to be γ-ray blazars). Our visual inspection also identified 27 BL Lac candidates with characteristic featureless power-law continuum emission, 21 of which are radio-detected in the FIRST survey. This is larger than the 16 high-confidence BL Lac candidates identified similarly by their SDSS spectrum and FIRST radio emission by Plotkin et al. (2010) in the SDSS Stripe 82 (with sky coverage of approximately 290 deg 2 , similar to our SEQUELS plate area). Thus, we estimate that our variability-selected sample contains approximately a 30% higher incidence of BL Lacs than a comparable sample not selected by variability.
STARS IN TDSS
Although the fraction of stars detected in time-domain imaging surveys that are variable is significantly smaller than that of active galaxies in the magnitude range of TDSS targets, these stars display a wider variety of variability patterns, such as periodic eclipses, atmospheric pulsations, microlensing events, etc. Table 2 shows the approximate distribution in spectral type of TDSS stars in our SEQUELS plate area identified in our visual in- Figure 11 . Examples of spectral decomposition of a few spectroscopic stellar binaries in the TDSS stars sample identified by visual inspection. Pairs of template spectra from the SDSS-II classification pipeline are fit to the TDSS spectrum through a simple χ 2 fit, and the total composite spectrum provides a good fit to the observed spectra.
spection, and Figure 9 shows a color-color diagram of these stars. The full stellar locus is populated in Figure  9 , although two main clumps are apparent: a redder population with M-type colors, as well as a bluer population with A-and F-type colors. We note that the large spread in the u−g direction for the M star clump is primarily due to the larger uncertainties in the u-band magnitudes for these red stars rather than being astrophysical in origin.
In this section, we will investigate these different variable stellar populations in more detail, concluding that many of the variable stars in the bluer clump in Figure  9 are likely to be pulsating RR Lyrae, the redder clump is likely to be due to the larger fraction of chromospherically active M dwarfs selected by TDSS, while the rest of the stellar locus is likely to contain a large number of eclipsing binaries. RR Lyrae stars exhibit periodic variability of ∼0.5-2 mag with periods of ∼0.2-1 day, with distinctive light curve patterns as a result of opacity effects in their atmospheres that lead to pulsations (e.g., Christy 1966) . RR Lyrae are especially interesting since their high luminosities and observed period-luminosity relation (modulo metallicity) allows them to be used as standard candles to trace the Galactic halo density. Large numbers of RR Lyrae stars discovered using light curves from timedomain surveys have recently revealed a large number of overdensities and substructures in the Galactic halo (e.g., Keller et al. 2008; Sesar et al. 2010; Drake et al. 2013a; Sesar et al. 2013) . These halo density inhomogeneities have strong implications for our understanding of the formation and evolution of the Galaxy and its constituent parts (e.g., Bullock & Johnston 2005; Johnston et al. 2008; Bell et al. 2008; Font et al. 2011) . Spectroscopic follow-up of these RR Lyrae aids in metallicity determination, providing more accurate distance determinations for their use as standard candles. Additionally, radial velocities from RR Lyrae spectra are useful for probing halo substructures, once their considerable pulsation velocities (∼60 km s −1 amplitude peak-to-peak) are accounted for. M dwarfs often display magnetic activity in their chromospheres which can produce stellar flares of several magnitudes with strong blue continuum emission (e.g., Moffett 1974; Hawley & Pettersen 1991; Osten et al. 2005; Kowalski et al. 2013) . Chromospherically active M dwarfs exhibit strong Hα emission, which can be used as a proxy for activity strength in large spectroscopic samples (West et al. 2004 ). These flares can often be observed in stellar light curves from time-domain imaging surveys similar to those used in TDSS (Kowalski et al. 2009; Davenport et al. 2012 Davenport et al. , 2014 . Although they are much less luminous than RR Lyrae, the large numbers of M dwarfs makes them useful probes of the structure and kinematics of the thick and thin Galactic disks in the Solar neighborhood (e.g. Reid et al. 1995; Hawley et al. 1996; Reid et al. 1997; Bochanski et al. 2007 ). Large samples of M dwarfs have been compiled for these studies, typically based on their high proper motions (e.g., Lépine & Gaidos 2011). However, these high proper motion selected samples are known to suffer from kinematic biases, which can be mitigated in part through variability-based selection, especially for later spectral types.
Binary stellar systems can exhibit periodic eclipses in their light curves if the orbital plane is close to the line of sight. The stars in these binary systems are ostensibly formed together, making them interesting laboratories of stellar evolution. A combination of photometric and spectroscopic information can constrain a wide range of binary orbital parameters (e.g., Andersen 1991; Torres et al. 2010) , although further follow-up in addition to our single-epoch TDSS spectra and SDSS/PS1 light curves will be required for useful constraints in most cases. A significant fraction of TDSS-selected variable stars on the stellar locus in Figure 9 are likely to be a wide variety of eclipsing binary systems. Just a small fraction will show 'composite' spectra where both stars in the system are apparent in the TDSS spectra.
Periodic Stellar Variables
A large fraction of our TDSS-selected stars are likely to be objects that show periodic variability in their light curves. Although the SDSS/PS1 light curves we use may be too sparsely sampled to detect this periodicity, we can assess if some of our TDSS selected objects are known periodically variable stars detected in other surveys. A comparison of the colors of these previously-known periodic variable stars to our TDSS stars sample provides another guide to the different types of stars resulting from the variability-based selection of TDSS. To this end, we positionally match all TDSS-selected objects with spectra in our SEQUELS plate area to the Catalina Sky Survey (CSS) catalog of periodic stars , and the CSS RR Lyrae catalogs of Drake et al. (2013a) and Drake et al. (2013b) , all with a 2 matching radius. Although these catalogs do not extend as faint as our TDSS survey, their higher cadence sampling provides detailed classifications of each periodic star based on their light curve characteristics. Using their detailed classification, we group the matched periodic stars into 'eclipsing', 'pulsating', and 'rotating' subclasses following to give a general idea of their variability mechanism. Figure 10 shows a color-color diagram of all TDSSselected stellar objects with spectra in our SEQUELS plate area that matched to the various periodic star catalogs. These stars are dominated by blue RR Lyrae, but span the majority of the stellar locus. This suggests that many of the TDSS-selected blue A-and Ftype stars in Figure 9 are likely to be RR lyrae, which is not surprising given their large variability amplitudes and short periods. Furthermore, Figure 10 suggests that the stellar locus of TDSS-selected periodic stars in Figure 9 is likely to be dominated by eclipsing binaries of various types, along with many rotating stellar variables. We caution that these various periodic star catalogs are highly incomplete even for bright objects due to a host of selection effects, and thus here we do not attempt to investigate the expected periodic star populations (and sub-type populations) in our TDSS sample.
Spectroscopic Composites
In our visual inspection, we identified several candidate composite spectra of stars, which are likely to be relatively rare spectroscopic binary systems in which both stars in the system are clearly visible in the optical spectrum. These rare but astrophysically important objects can be identified in the TDSS sample thanks to their variability, commonly due to their eclipsing nature. We spectroscopically decompose the binaries by fitting pairs of template stellar spectra to the observed spectrum to more accurately assess the constituent components of the composite spectrum. Specifically, we utilize the spectral template library from the SDSS-II cross-correlation redshifts pipeline 28 , and generate synthetic composite spectra using combinations of pairs of these template spectra, through a grid of normalizations. The best-fitting pair of spectra (and the normalizations) are found by minimizing the χ 2 between the synthetic composite spectra and each observed composite spectrum. Figure 11 shows examples of spectra of TDSS dM/WD binary systems (including two rare objects with strong dM emission), along with the results of this simple spectroscopic binary decomposition method. These composite spectrum dM/WD binaries are likely to be rare short-period eclipsing systems, and are selected by TDSS due to their variability.
Chromospherically Active Stellar Variables
We investigate the chromospherically active fraction of M dwarfs selected by TDSS to assess whether variability yields a higher active fraction than expected from a nonvariability selected sample. Chromospheric activity in M dwarfs is well-known to increase for later spectral type M dwarfs up to type M9 (Hawley et al. 1996; Schmidt et al. 2015) , but also decreases with stellar age (Gizis et al. 2002) . In a Galactic context, M dwarfs will show decreasing active fractions for increasing height above the Galactic plane (West et al. 2006 (West et al. , 2008 , since these M dwarfs at large plane heights are on average older due to dynamical heating in the Galactic disk. To take these effects into account, we will compare our TDSS M dwarf active fraction to an estimate of the expected active fraction for a M dwarf sample with the same Galactic plane height distribution, as a function of spectral type.
Using all TDSS M dwarfs with spectra in our SE-QUELS plate area identified through our visual inspection, we first perform detailed classification using a modified version of the Hammer spectral typing software (Covey et al. 2007) . Hammer allows us to interactively classify each M dwarf through visual comparison to a suite of template spectra. Furthermore, Hammer also selects a subsample of M dwarfs with high signal-to-noise in the Hα region for measurements of their Hα equivalent width (EW). Specifically, the signal-to-noise ratio of the flux densities in the Hα wavelength window and the surrounding continuum wavelength window must be >3, which is critical to ensure that our activity classification of each M dwarf as either 'active' or 'inactive' based on its Hα EW is robust and not significantly affected by noise. Following the classification method of West et al. (2011) if they have Hα EW >0.75, with signal-to-noise ratio of the Hα EW measurement >3. The active fraction is then N active /(N active + N inactive ). Figure 12 shows this TDSS M dwarf active fraction as a function of spectral type, with uncertainties calculated from the binomial distribution using the method of Cameron (2011) . As expected, the active fraction rises for later spectral types. To compare our TDSS M dwarf active fractions as a function of spectral type to that expected from a nonvariability selected sample, we utilize the SDSS DR7 M dwarf catalog of West et al. (2011) as a general sample of M dwarfs not specifically based on their photometric variability. To control for difference in height above the Galactic plane (i.e. stellar age) between these two samples, we first determine the height above the Galactic plane for each M dwarf in these two samples. This is done using the color-based photometric distance M r , r − z relation of Bochanski et al. (2010) with extinction corrected magnitudes. Simultaneously binning the DR7 M dwarfs in height above the Galactic plane and spectral type provides an expectation of the active fraction as a function of these two properties. For each TDSS M dwarf in our sample, we compute this expectation of the active fraction based on its height above the Galactic plane and spectral type. Using these expectations for all of our individual TDSS M dwarfs, the overall expected active fraction of each spectral type is simply the mean expected active fraction for all TDSS M dwarfs, for that spectral type. This results in the active fraction as a function of spectral type of a comparison sample of M dwarfs of the same size that is not variability selected. This is also shown in Figure 12 , where the uncertainties on these expected active fractions are also estimated from the binomial distribution.
Comparison of the active fraction of our TDSS M dwarf sample to that expected from a non-variability selected sample in Figure 12 shows that variability selection selects a higher fraction of active M dwarfs for spectral types M0 through M4. For later types, the active fraction from variability selection may be actually lower than expected, but is more ambiguous due to larger uncertainties. This may hint at a fundamental change in the magnetic dynamo in the interiors of these M dwarfs, as they transition with spectral type from a radiative core with a convective envelope to being completely convective for spectral types later than M4 (West & Basri 2009; Reiners & Basri 2010) . The overall active fraction across all spectral types for TDSS is 10.0 +0.6 −0.5 %, in comparison to 8.0 +0.5 −0.5 % for the expected fraction for a sample not selected on the basis of variability, showing that our variability-selected M dwarf sample contains approximately 25% more active M dwarfs than a sample not selected by variability.
Unusual Stellar Systems
Our visual inspection of the TDSS stellar sample in SEQUELS yielded many spectra of peculiar and/or rare objects, a few examples of which are shown in Figure  13 . We defer detailed investigations of these peculiar objects, but note that many of them, including cataclysmic variables, pulsating white dwarfs, and carbon stars, are known to include photometric variables and thus likely to be preferentially selected by TDSS.
GALAXIES IN TDSS
Although TDSS specifically targeted objects classified as point sources in SDSS imaging as part of the targeting algorithm, a small number (313) of galaxies were nevertheless selected and are in our SEQUELS TDSS spectra. (2003) and Kewley et al. (2001) are shown as dashed and dotted lines, respectively, marking the nominal divide between star-formation and AGN as the primary source of ionizing flux in these galaxies. The majority of TDSS galaxies do not appear to host active nuclei, and other explanations for their apparent variability should be considered (including possible complications in the photometry of marginally resolved objects).
These galaxies may be variable due to 'hidden' active nuclei, transient phenomena such as tidal disruption events and supernovae, or problems with the photometry leading to artificial variability in the light curves. To investigate whether TDSS-selected galaxies host hidden active nuclei, we will assess the emission line ratios of TDSS emission line galaxies on a classic BPT diagram (Baldwin et al. 1981; Kewley et al. 2001; Kauffmann et al. 2003) , which in effect examines the spectral index of the continuum emission ionizing the emission lines. To construct the BPT diagram, we match our sample of all TDSS-selected galaxies with spectra in our SE-QUELS plate area to the publicly available emission line spectra measurements for all DR12 galaxies by Thomas et al. (2013) . Specifically, we use the measured [N II]/Hα to [O III]/Hβ line ratios for all galaxies with all four lines detected at >3σ significance. Figure 14 shows this BPT diagram for our TDSS emission line galaxies, compared to all SDSS galaxies in DR12. We also show the BPT classification scheme of Kauffmann et al. (2003) and Kewley et al. (2001) , which distinguishes galaxies with emission lines ionized by stellar-and AGN-like continuum spectra. The majority of TDSS galaxies do not appear to host active nuclei (at least at the time of TDSS spectroscopy), and other explanations for their apparent variability should be considered.
Although other astrophysical explanations are possible, we speculate that many of these galaxies may appear among TDSS selections due to photometry issues, leading to artificial variability in the light curves. In particular, since TDSS targets are selected to be point sources based on their SDSS imaging and passed a round of visual inspection of their imaging before spectra are taken, these galaxies are not obviously extended sources and may instead be barely-resolved. This can lead to small differences in the PSF magnitudes measured by the SDSS and PS1 photometric pipelines, or variations in included flux as seeing changes, leading to artificial variability. However, we note that transient phenomena such as supernovae and stellar tidal disruption events, or 'changing look' quasars (LaMassa et al. 2015) in which the AGN continuum disappeared (thus leaving quiescent galaxies in the spectroscopic epoch) may also explain some of these cases. Specifically, because the SDSS spectra are generally observed at a later epoch than the photometric epochs in the light curves (especially for the new spectra in SEQUELS), it is possible that an earlier epoch of strong variability may have abated to result in a quiescent galaxy spectrum.
CONCLUSIONS
TDSS provides an unprecedented spectroscopic sample of objects selected purely on the basis on their optical flux-variability, useful for a variety of time-domain science to complement light curves from current and future large-scale synoptic imaging surveys. Using an early sample of 15,499 TDSS spectra from the SEQUELS pilot survey for eBOSS, we establish the demographics of our unique variability-selected sample (of which 63% are quasars and 33% are stars) through visual inspection of the spectra, providing a spectroscopicallyconfirmed ground-truth baseline for variability-selected samples. We then investigate the properties of the different classes of objects in our sample, focusing on understanding the unique advantages of using variabilityselected samples for specific science applications.
We show that quasars selected by their variability in TDSS display a broad and smooth redshift distribution, complementing color-selected samples by mitigating many color-based redshift biases. For example, in comparison to the color-selected eBOSS CORE quasar sample in the redshift range of 0.9 < z < 2.2 intended for eBOSS quasar clustering measurements, TDSS selects additional redder quasars. The redder colors of these quasars selected by variability (without regard to color) are possibly due to intrinsic dust extinction or absorption. The TDSS quasar sample also contains an elevated fraction of BAL quasars that is ∼40% higher than the color-selected CORE sample (and likely to be closer to the intrinsic BAL fraction). We also identify other types of peculiar quasars that may be especially common in a variability selected sample, such as blazars which we estimate to be ∼30% more common in TDSS than colorselected samples.
We investigate the stellar sample yielded by TDSS, which spans the full stellar locus but includes a large number of A/F type stars and M type stars. Through comparisons to catalogs of previously-known periodic variable stars, we show that the majority of A/F type stars in our sample are likely to be RR Lyrae, and many of the main-sequence TDSS stars are likely to be eclipsing binary systems. Our large sample of late type stars is likely to contain chromospherically active M dwarfs, and we show that the TDSS M dwarf sample has a higher chromospherically active fraction than expected from a non-variability selected sample, based on their Hα emission. We also identify several composite spectra of binary stellar systems in which both stars in the system are clearly visible in the optical spectrum; these rare but astrophysically important systems can be identified in the variability-selected TDSS sample likely due to their eclipsing nature.
Finally, we search for evidence of hidden active nuclei in the small number of emission-line galaxies selected as part of TDSS by studying their narrow emission line ratios in a BPT diagram. We find that the majority of these galaxies do not appear to host active nuclei, and speculate that their appearance in our variabilityselected sample may be due to PSF photometry errors if they are barely-resolved (although transient events in these galaxies can also cause their light curves to appear highly variable while producing a galaxy-like spectrum at the later spectroscopic epoch).
The TDSS survey is the first spectroscopic study of a large sample of objects selected using inclusive variability criteria, and our investigation here lays the groundwork for more in-depth studies of particular classes of objects for a diverse variety of science cases. An additional major science goal of TDSS is the discovery of rare objects often thought to exist but heretofore unobserved ('known unknowns'), as well as completely new classes of objects ('unknown unknowns'). Discovery of these rare objects requires robust outlier detection in large samples; we plan on continued visual inspection of the ∼220,000 spectra in the main TDSS sample that will be observed as part of SDSS-IV over the period of 2014-2020. Looking forward, the main TDSS spectroscopic sample will provide a powerful training set for identifying and understanding the hundreds of millions of variable objects detected in future large imaging surveys, and the combination of these light curves and future planned multi-object spectrographs can be exploited to more fully realize the rich science potential in time-domain astronomy.
